This study compared two grain processing methods that are widely used for beef cattle, grinding and steam pelleting, with respect to serum metabolic parameters: glucose, non-esterified fatty acids (NEFA), serum urea nitrogen (SUN), total serum protein (TSP), albumin, L-lactate, aspartate aminotransferase (AST), γ-glutamyltransferase (GGT) and amylase. Ten Belgian Blue bull calves were allotted randomly to each of two experimental groups: PF, fed pelleted concentrate, and GF, fed ground concentrate. During the 77-day study most parameters underwent significant variation in time, increasing only numerically serum values of total protein, albumin, AST and amylase, while serum glucose, NEFA and GGT decreased numerically. Statistically significant differences were found only between groups PF and GF for creatinine (higher in group PF, in relation with its greater average body weight) and urea nitrogen, which for unknown causes fluctuated in opposite directions in the two groups throughout most of the study and attributable to changes in ruminal protein digestion. Neither serum glucose nor L-lactate were affected by treatment of grains.
INTRODUCTION
For high-output production, feedlot calves require a high-energy diet component such as starch, which is readily supplied in the form of cereal grains, of which it is a major component. However, whole, unprocessed grains can be relatively indigestible. It is well-known that starch availability increases with processing grains, although considerable differences have been detected between grain processing facilities (Brown et al., 2000) . The grain processing methods predominantly used in the production of Spanish cattle feeds are grinding and steam pelleting. Grinding destroys mechanical structure, exposing more starch to microbial digestion, but does not alter chemical structure. By contrast, steam pelleting not only increases moisture content, but also disrupts the starch-protein matrix, which facilitates microbial and enzymatic access to starch granules (Dehghan-Banadaky et al., 2007) .
Research on the effects of grain processing in recent years has mainly examined production parameters such as dry matter intake, average daily gain (ADG) and feed efficiency (Owens et al., 1997) . However, it has been reported that increasing the proportion of starch digested in rumen results in greater absorption and different partitioning of nutrients by gut and liver tissues, with consequences for animal metabolism and health. Controlled studies have considered the measurement of ruminal pH; however, sampling ruminal contents for pH measurement is not practical in a commercial feedlot situation. Then, the clinical chemistry profile is a valuable diagnostic tool that can be used to evaluate the internal balance. When used in conjunction with the physical examination the chemistry panel is useful for establishing initial baseline parameters, formulating a problem or rule out list, planning nutritional options and monitoring the response to it (Castillo et al., 2011) .
In line with this idea, we continued our previous researches (Castillo et al., 2006) regarding the effects of grain processing on acid-base balance. In that study, we found that although animals fed a pelleted ration had better productive results, their lower base excess and HCO 3 -values reflected a greater risk of acid overload, more evident in the finishing period. In the current report, we focus on this stage, when it is possible to observe the carryover effect of diet, reflected in animal performance and/or metabolic status.
In the belief that it is also of interest to investigate these issues under the conditions of commercial operations, in the study described here we compare serum metabolic parameters of bull calves fed diets based on ground or pelleted grain throughout the 77-day finishing period implemented on a commercial feedlot in Galicia (NW Spain).
MATERIAL AND METHODS

Animals, feed management and experimental design
Twenty double-muscled Belgian Blue bull calves were purchased and transported to the commercial study farm (Coren SCL, Ourense, NW Spain) at age of 3-5 weeks. Upon arrival, animals were under sanitary protocols and animal welfare conditions as was described in previous reports (Castillo et al., 2011) and according to Spanish regulations.
Adaptation to the high-grain diet was carried out until age 14 weeks with a combination of milk replacer [1 l per 20 kg of body weight (BW)] and a farmformulated mixture of maize, wheat, barley, soyabean meal and vitamin-mineral premix (Table 1) , with water and straw ad libitum. Before the first intake of growing concentrate, calves were allotted randomly to one of two 10-calf groups housed in individual pens: PF, fed pelleted concentrate obtained by grinding grains to 3 mm, mixing in the other components and converting the mixture to 4 mm pellets at 70°C; and GF, fed concentrate with grains ground to 5 mm. All the grain used in the trial came from the same lot, and all processed grain was obtained during a single processing run. The main study period began when at age 23 weeks the calves were put on a finishing concentrate (Table 1) , and continued for 77 days until age 34 weeks, previous to slaughter. Additionally, production performance was evaluated in the slaughterhouse 45 days after the last sampling of data. During this interval animals maintained the same nutritional protocol.
Feed refusals were weighed daily at 07.30 h before feeding, and daily intake of concentrate and straw calculated. In our study, daily barley straw intake was 1.5 kg/head. Fresh feed was provided once a day at 08.00 h. During both the growing and finishing periods, all calves had free access to concentrate, water and barley straw, which was chopped to a length of 7-8 cm. Feed:gain ratio was calculated as follows: kg feed consumed/kg weight gained. Individual steers were weighed at the beginning and the end of the experiment. All experimental procedures were approved by the Ethical Committee of the University of Santiago de Compostela and, more generally, the animals were cared for and managed throughout the study in accordance with official Spanish guidelines on animal care (Real Decreto 1201/2005).
Measurements and analyses
Samples of concentrate were analysed in the farm laboratory. European Union standard methods and European Directive were used for determination of starch /79/EC, 1999 ), ether extract (1998 /64/EC, 1988 ) and ash (1981 /680/ EC, 1981 . Neutral detergent fibre (NDF) and acid detergent fibre (ADF) were determined by the method of Van Soest et al. (1991) and nitrogen content using the method by combustion according to the Dumas principle (Norme Française NFV18-120, 1997) described in NFV18-120 by the French Association of Standardization (AFNOR, Paris)
On days 0 (the end of the growing period and the beginning of the fattening diet), 3, 7, 13, 51 and 77 of the study, between 09.00 and 11.00 h (always following feed delivery) blood samples were collected by jugular venous puncture into evacuated Vacutainer ® tubes without EDTA. On each occasion, the calves were examined before blood sampling for clinical signs of metabolic disturbances, i.e. for changes in posture and/or behaviour, signs of dehydration or shock (anomalies in eyeball position or mouth or limb temperatures), diarrhoea, and altered palpebral reflex (Lorenz, 2004) . The samples were allowed to clot at room temperature for 3 h before centrifugation at 2000 g for 20 min, and the supernatant serum was frozen at -20ºC pending analysis.
The serum parameters studied were: glucose, non-esterified fatty acids (NEFA), urea nitrogen (SUN), creatinine, total protein concentration (TSP), albumin, L-lactate, aspartate aminotransferase (AST), gamma-glutamyl-transferase (GGT) and amylase. Glucose, SUN, creatinine, albumin, total protein and AST were assayed with kits from RAL Laboratories S.A. (Barcelona, Spain), NEFA with a kit from Randox Laboratories Ltd. (Crumlin, UK), and L-lactate, GGT and amylase with kits from Spinreact Laboratories S.A. (Girona, Spain). Within-run and within-day coefficients of variation established using appropriate controls were less than the limits of 5 and 10%, respectively, that were recommended (Lumsden, 2000) .
Statistical analysis
Non-normal distributions were tested for using the Wilk-Shapiro test. Analyses of variance (ANOVAs) were performed with group (G) as a fixed effect and time (T; days since the start of the finishing period) as a repeated measures effect, with the group×time interaction (G×T) included in the model. All statistical analyses were performed using SPSS 12.1. The criterion for statistical significance was P<0.05; P values between 0.05 and 0.1 were considered near-significant.
RESULTS
Mean values of non-enzymatic variables in each group on each sampling date are listed in Table 2 . Groups PF and GF did not differ significantly in regard to either serum glucose or NEFA levels, but both of these variables varied significantly with time in the whole study (P=0.05 and P=0.01, respectively). Serum L-lactate was not significantly influenced by either time or group, although the mean L-lactate level was always higher in group PF than in group GF. Albumin and total protein concentrations, particularly the latter, both tended to rise as time elapsed (P<0.001), with virtually no difference between groups at any time, especially in the case of albumin. SUN was not significantly influenced by either time or group, but was the only variable to show a significant (G×T) interaction, the two groups generally showing opposite changes between successive samples. By contrast, the two groups always underwent parallel changes in serum creatinine levels, resulting in significant effects of both group and time (P<0.001), although the G×T interaction tended to be significant (P=0.06). Mean serum AST, GGT and amylase activities in each group on each sampling date are given in Table 3 . None of these variables differed significantly between groups, or showed a significant G×T interaction, but all three showed a significant or near-significant influence of time (GGT, P<0.001; AST, P=0.085; amylase, P=0.053). 
DISCUSSION
None of the animals in this study ever exhibited clinical signs of ruminal disturbances associated with high-processed grains (Lorenz, 2004) . We attribute this finding to two nutritional reasons (Castillo et al., 2011 ): 1. the barley straw used as forage and 2. the high amount of CP of the ration. Barley straw promotes chewing activity and saliva secretion, preventing acid overload, and ameliorating digestive disturbances. On the other hand, high CP content may act as a ruminal pH buffer, especially in the group fed the pelleted ration, which showed more stable acid-base balance over time, although with less base excess and HCO 3 -values (Castillo et al., 2006) . In this context, blood parameters indicate that, except for creatinine and the unexplained G×T interaction shown by the SUN data, processing technique had no influence on the nutritional value of the ration. Animal performance was reported elsewhere (Suárez, 2009) . Briefly, no significant differences were found between groups (Table 4) although it seems that the pelleted feed produced slightly superior feed efficiency compared to coarser particles, as can be seen by the higher ADG and lower feed:gain ratio in PF calves than in GF calves. Then, the higher creatinine concentrations observed in PF group are coherent with performance observations, in spite of the lacking statistical significance, notably the greater initial and final weights of group PF. In fact, serum creatinine is correlated with body muscle mass and this finding supports the general idea that processed grains are more productively efficient than ground grains (Owens et al., 1997; Beauchemin et al., 2001 ). 2 GF -ground-feed group; 3 SEM -pooled standard error of the mean; ns -not significant Most parameters exhibited significant or tendency towards variation in time, which in the case of parameters showing consistent trends in keeping with reports that ruminal function improves with age (Khan et al., 2007; Kaneko et al., 2008) . Then, the question that arises from these results is about the lack of effect of grain processing on metabolism if theoretically, increasing the structural disruption of grain should increase the availability of glucose precursors and change protein solubility in rumen (Beauchemin et al., 2001 ).
In our study, serum glucose levels were indeed considerably above the normal range of 45-75 mg/dl mentioned in the literature for cattle in general (Kaneko et al., 2008) , and attributable to the high grain content in both diets (Castillo et al., 2011) : the difference in starch availability between pelleted and ground feed seems to have been insufficient to give rise to a significant betweengroup difference in serum glucose concentration. Although starch availability increases with processing grain, in general, considerable differences can exist depending on the technique employed. Thus, under the conditions of our study, pelleting or ground grains seem not to induce changes in glucose precursors (propionate and lactate). This finding is in accordance with the lack of influence of grain processing on serum L-lactate. Ruminal function was not directly characterized in this study by measurement of ruminal parameters, but blood L-lactate levels have been reported to be closely associated with ruminal L-lactate (Montaño et al., 1999) . The numerically higher L-lactate concentrations in PF group only suggest somewhat better digestion of starch in the rumen, without other consequences. This finding is in keeping with the similarly ambiguous ruminal L-lactate data obtained by Secrist et al. (1996) in steers fed diets with 82% of rolled or whole-grain maize. Other authors (Brown et al., 2000) observed no significant influence of grain processing on the serum L-lactate concentration of finishing steers fed diets with 77% steam-flaked or dry-rolled maize, but Lozano et al. (2005) reported that net absorption of lactate across the gut of steers fed 77% sorghum diets increased as the density of steam-flaked maize fell. Under our experience from previous reports (Castillo et al., 2009 ), L-lactate concentration seem to be conditioned for the grain source (rapidly digested grain vs more slowly digested grain) more than the processing technique.
In keeping with their high serum glucose levels, both groups had normal serum NEFA concentrations at any time, without between-group differences, indicating that all the animals were in a positive energy balance, independent of the grain processing method.
In relation to protein metabolism, both groups did not differ in either TSP or albumin concentrations. Nevertheless, the fluctuations observed in SUN values indicate changes in protein digestion depending on group. The time course of the interaction is puzzling although note that in most of the data, PF calves had higher SUN concentration than GF calves. This finding shows that, effectively, grain processing seems to affect the recycling of urea, increasing the supply of high-quality microbial protein for absorption, as was described for growing beef steers by Alio et al. (2000) and Theurer et al. (2002) , and in accordance with the productive results found in the study of Suárez (2009) .
The increase in AST activity during the study period is attributable to increased liver activity associated with high-grain consumption (Latimer et al., 2003) ; in view of the perfectly normal GGT values (and their time course), it is unlikely to have resulted from hepatobiliary damage (Latimer et al., 2003) . The fact that serum amylase activities were higher towards the end of the study than during the first week is indicative of increased digestion of ruminal fermentation products and escape nutrients with age (Xu et al., 2009) . The absence of a significant between-group difference in amylase activity is in line with our results in glucose and L-lactate values. In conclusion, grain processing (ground or pelleted) did not modify ruminal and intestinal starch digestion.
CONCLUSIONS
Under the conditions of this study, most of the parameters studied underwent significant variation in time, but the only statistically significant difference between processing methods (pelleting vs ground) concerned creatinine (higher in calves fed pelleted concentrate, in keeping with its greater average body weight) and urea nitrogen (which for unknown causes fluctuated in opposite directions in the two groups throughout most of the study and attributable to changes in ruminal protein digestion). Neither serum glucose nor L-lactate were affected by treatment of grains. Other nutritional factors, such as forage fibre source and/or CP content may influence these findings. Finally, taking into account productive and metabolic data the administration of concentrate in a ground form for feedlot is recommended.
